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Nanfeng Zheng,1 Xianhui Bu,2 Bing Wang,1 Pingyun Feng1*
Crystalline semiconducting sulfide and selenide zeolite analogs were synthe-
sized that possess four-connected, three-dimensional tetrahedral networks
built from tetravalent (M4  Ge4 or Sn4, where M  meta) and trivalent
(M3  Ga3 or In3) cations. Microporous materials were obtained in all four
combinations of M4 and M3, and some of them were thermally stable up to
at least 380°C. These materials exhibit framework topologies with pore size
ranging from 12 to 24 tetrahedral atoms, high surface area, high framework
charge density and ion exchange capacity, and tunable electronic and optical
properties.
Microporous materials exemplified by alumi-
nosilicate zeolites have large-scale commer-
cial applications ranging from gas separation
to petroleum processing (1). For 50 years,
there has been interest in developing porous
materials with either novel chemical compo-
sitions or new framework topologies because
properties and applications of porous materi-
als are intimately related to their composi-
tional and topological features (2, 3). In gen-
eral, the synthesis of new porous materials
involves the replacement of tetrahedral atoms
( T atoms), such as Al3 or Si4, in zeolites
by other T atoms, such as Ga3, Ge4, and
P5 (4). Resulting oxides are usually insula-
tors and have very limited electro-optic
applications.
To expand microporous materials beyond
their traditional applications, researchers
have found that it is desirable to synthesize
microporous semiconducting materials. Crys-
talline porous semiconductors may find ap-
plications in electrocatalysis, photocatalysis,
and electrochemical sensor analysis, where
size and shape of chemical and biochemical
agents are important for selectivity. Analyti-
cal applications have the potential for excep-
tionally high sensitivity because of the pre-
concentration effect of porous materials
through adsorption or ion exchange.
One of the most important goals in devel-
oping crystalline porous semiconductors is to
generate three-dimensional (3D) frameworks
with enhanced thermal stability. Since the
late 1980s, research involving porous chalco-
genides has received increasing attention
with the synthesis of a number of open-
framework chalcogenides (5–10). When only
tetravalent metal cations, such as Ge4 or
Sn4, are used to build chalcogenide frame-
1Department of Chemistry, University of California, Riv-
erside, CA 92521, USA. 2Department of Chemistry, Uni-
versity of California, Santa Barbara, CA 93106, USA.
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Table 1. A summary of crystallographic data for selected UCR-20, UCR-
21, UCR-22, and UCR-23 structures. Crystal structures were solved from
single-crystal data collected at 298 K on a SMART 1000 charge-coupled
device diffractometer with Mo K. For UCR-21InSnS-AEP, b  16.943 
0.003 Å. Standard deviations for a and c are given by the numbers in
parentheses, with the number representing the deviation in the least
significant digit(s). TAEA  tris(2-aminoethyl)amine, C6H18N4; TMDP 
4,4-trimethylenedipiperidine, C13H26N2; APO  dl-1-amino-2-propanol,
C3H9NO; APP  1-(3-aminopropyl)-2-pipecoline, C9N2H20; AEP  1-(2-
aminoethyl)piperazine, C6H15N3; TOTDA  4,7,10-trioxa-1,13-tride-
canediamine, C10H24N2O3; AEM  N-(2-aminoethyl)morpholine,







a (Å) c (Å) R(F)
UCR-20GaGeS-TAEA Ga2.67Ge1.33S8 -4 3 4̄ 20.9352(15) 20.9352(15) 7.21
UCR-20GaSnS-TMDP Ga1.80Sn2.20S8 -4 3 4̄ 21.5404(17) 21.5404(17) 5.54
UCR-20InGeS-TMDP In3.00Ge1.00S8 -4 3 4̄ 21.734(2) 21.734(2) 7.61
UCR-20InSnS-TMDP In2.50Sn1.50S8 -4 3 4̄ 22.1906(18) 22.1906(18) 7.61
UCR-20GaGeSe-TMDP GaxGe4-xSe8 -4 3 4̄ 21.893(2) 21.893(2) 7.40
UCR-21GaGeS-APO Ga3.30Ge0.70S8 -4 3 4̄ 11.1414(15) 19.405(4) 4.18
UCR-21GaSnS-TAEA Ga2.32Sn1.68S8 -4 3 4̄ 11.6915(19) 19.898(5) 4.46
UCR-21InGeS-APP In1.84Ge2.16S8 -4 3 4̄ 11.5313(15) 19.936(4) 6.94
UCR-21InSnS-AEP InxSn4-xS8 -4 3 4̄ 13.379(2) 25.973(5) 6.48
UCR-21GaSnSe-TAEA Ga2.47Sn1.53Se8 -4 3 4̄ 12.5373(19) 20.564(4) 6.04
UCR-22GaGeS-AEP Ga3.33Ge0.67S8 -4 3 4̄ 22.532(2) 39.954(5) 6.23
UCR-22GaSnS-AEP Ga2.13Sn1.87S8 -4 3 4̄ 22.935(2) 40.985(6) 5.51
UCR-22InGeS-AEP In2.69Ge1.31S8 -4 3 4̄ 22.9078(12) 41.490(3) 5.82
UCR-22GaSnSe-TOTDA Ga1.73Sn2.27Se8 -4 3 4̄ 23.841(3) 42.555(7) 6.83
UCR-23GaGeS-AEM Ga2.67Ge1.33S8 -4 3 4̄ 21.638(3) 11.209(2) 5.43
UCR-23GaSnS-AEM Ga2.29Sn1.71S8 -4 3 4̄ 22.169(3) 11.3168(18) 5.68
UCR-23InGeS-AEM In1.84Ge2.16S8 -4 3 4̄ 22.153(3) 11.3435(18) 6.79
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works, there is a strong tendency to form
non-3D structures. Early attempts to prepare
3D microporous chalcogenides depended pri-
marily on the use of mono- or divalent cat-
ions (e.g., Mn2) to join together chalco-
genide clusters, such as Ge4S10
4– (11–13).
These low-charged metal sites could decrease
the framework stability. The destabilizing ef-
fect of divalent cations (e.g., Co2, Mn2) in
porous aluminophosphates is well known
(14–16). Recently, indium chalcogenides
with or without the incorporation of mono- or
divalent cations have been reported to have
highly open architecture (6, 9, 17, 18), but
these materials usually collapse at tempera-
tures that are 300°C. To enhance frame-
work stability and to develop thermally stable
porous semiconductors, we adapted the sta-
bility rule for zeolite synthesis, which states
that stability requires that a Si4/Al3 ratio is
not less than 1. We found that stability in the
metal chalcogenides also requires a M4/
M3 ratio range. The range of the M4/M3
ratio for materials synthesized in this work is
between 0.2 and 1.2.
We synthesized a large family of chalco-
genide zeolite analogs by simultaneous triple
substitutions of O2– with S2– or Se2–, Si4
with Ge4 or Sn4, and Al3 with Ga3 or
In3. All four possible M4/M3 combina-
tions (Ga/Ge, Ga/Sn, In/Ge, and In/Sn) could
be realized, resulting in four zeolite-type to-
pologies. More than 12 distinct framework
materials were synthesized by changing ei-
ther the topological types or the framework
composition (Table 1) (19, 20). The actual
number of as-synthesized compounds is sub-
stantially greater than that included in Table 1
because of the large variations in extra-
framework organic components (table S1). In
addition, new forms can be created by replac-
ing organic components with inorganic cat-
ions through ion exchange. The distribution
of M4 and M3 in the framework of these
materials is random. In addition to single
crystals and polycrystalline powders, thin
films were grown over some substrates, such
as graphite electrodes under hydrothermal
conditions (fig. S1).
On the basis of structural type, these ma-
terials are classified into four families: UCR-
20, UCR-21, UCR-22, and UCR-23. Each
number refers to a series of materials with the
same framework topology but with different
chemical compositions in either framework
or extra-framework components. For exam-
ple, UCR-20 can be made in all four M4/
M3 combinations, giving rise to four sub-
families: UCR-20GaGeS, UCR-20GaSnS,
UCR-20InGeS, and UCR-20InSnS. The
number of subfamilies doubles if selenides
are included. An individual compound is
specified when both the framework composi-
tion and the type of extra-framework species
are specified (e.g., UCR-20GaGeS-AEP).
One of the most important features of the
structures reported here is the diversity of
their framework compositions. The large va-
riety of chemical compositions makes it pos-
sible to tune physical properties, such as band
gap, luminescence, pore size, surface area,
ion exchange, and chemical stability. Com-
pared to other open-framework chalco-
genides, such as germanium sulfides or in-
dium sulfides, these chemical systems are
particularly intriguing because of their direct
relation to aluminosilicate zeolites in both
composition and structure. All of these mate-
rials have four-connected, 3D zeolite-type
connectivity. Also like zeolites, they are all
built from tetravalent and trivalent cations
with a general framework composition of
AB2, where A is a tetrahedral cation (Ga, In,
Ge, and Sn) and B is a bicoordinated anion (S
and Se). In some of these materials that have
unusually low M4/M3 ratios of 0.20, a
very large negative charge develops on the
framework, which should be desirable in ap-
plications such as gas separation and ion
exchange, where a high concentration of
charge-balancing cations is beneficial.
The extra-large pore size and “3-rings”
(three T atoms in a ring) are two other strik-
ing features. UCR-22 and UCR-23 have an
uncommon pore size consisting of 24 and 16
Fig. 1. A sodalite cage decorated with
M4X10 (M  Ga/Ge, Ga/Sn, In/Ge, and
In/Sn; X  S and Se) clusters in UCR-
20. Colors are arbitrary and represent
different chemical units.
Fig. 2. (A) The 3D M4X10 decorated sodalite framework in UCR-20. (B) Six M4X10 clusters are joined
into a six-membered ring in UCR-21 with the decorated cubic ZnS framework. (C) The 3D
framework of UCR-22 with the cubic ZnS–type topology decorated with the coreless T4 super-
tetrahedral cluster (M16X34). Only one lattice set in UCR-22 is shown. (D) The 3D framework of
UCR-23 with the decorated CrB4 topology projected down the 16-ring channels. Small yellow
spheres represent sites of sulfur atoms; metal cations (Ge4, Ga3, Sn4, and In3) are located at
the center of every red tetrahedron.
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T atoms, respectively, whereas UCR-20 and
UCR-21 are both large-pore (12 T atoms)
materials. These inorganic frameworks are
strictly four-connected 3D networks com-
monly used for the systematic description of
zeolite frameworks. Unlike known zeolite
structure types, a key structural feature is the
presence of the adamantane cage–shaped
building unit, M4S10 (21). The M4S10 unit
consists of four 3-rings fused together. The
presence of 3-rings is one of the most desir-
able features in a zeolite-type topology be-
cause it helps to generate a low-density
framework (22). For materials reported here,
the framework density (defined as the num-
ber of T atoms in 1 nm3) ranges from 4.4 to
6.5 (table S1).
Although these chalcogenides are strictly
zeolite-type tetrahedral frameworks, it is pos-
sible to view them as decoration of even
simpler tetrahedral frameworks. “Decora-
tion” refers to the replacement of a single
atom by a multiatom cluster having the same
connectivity pattern (21). Here, each M4S10
unit can be treated as a large artificial tetra-
hedral atom. With this description, UCR-20
has the decorated sodalite-type structure, in
which a tetrahedral site in a regular sodalite
net is replaced with a M4S10 unit (Figs. 1 and
2A). UCR-21 has the decorated cubic ZnS–
type structure (Fig. 2B). Open-framework
materials with the cubic ZnS–type lattice usu-
ally form two or more interpenetrating sub-
lattices; however, UCR-21 is non-interpene-
trating and non-centrosymmetric. UCR-23
has the decorated CrB4-type network, in
which tetrahedral boron sites are replaced
with M4S10 units (Fig. 2D). The M4S10 clus-
ter is a special decoration unit because all of
its sulfur sites are bicoordinated. As a result,
a four-connected, 3D tetrahedral net decorat-
ed with M4S10 units remains a zeolite-type
four-connected, 3D net.
An interesting cluster, M16X34 (X  S or
Se), occurs in UCR-22. This cluster is con-
structed from four M4S10 cage units sharing
corner S2– sites (Fig. 3). It resembles a reg-
ular supertetrahedral T4 cluster (general for-
mula M20X35), except that the central sulfur
site and its four adjacent metal sites are not
occupied (23, 24). A complete T4 cluster
contains a single sulfur core atom. When this
core sulfur atom is missing, all of its neigh-
boring metal sites must also be left unoccu-
pied because three-coordinated metal cations
(Ga3, In3, Ge4, and In4) in these mate-
rials are not stable. Such a coreless feature
ensures that all cations have tetrahedral coor-
dination and all anions have bicoordination,
an essential characteristic in a four-connect-
ed, 3D zeolite-type structure. If each coreless
T4 cluster is treated as a large pseudo-tetra-
hedral atom, the inorganic framework con-
sists of two interpenetrating, cubic ZnS–type
lattices (Fig. 2C).
The M4/M3 sulfides reported have
substantially improved thermal and me-
chanical stability over those of many pre-
viously reported, crystalline open-frame-
work sulfides, such as indium sulfides. Se-




UCR-23GaGeS-AEM) maintained their structural
and mechanical integrity when heated in air at
300°C for 1 hour. In all cases, despite a
significant weight loss of up to 20%, the
single-crystal quality was retained, as dem-
onstrated by single-crystal x-ray diffraction.
Powder x-ray diffraction shows that some of
these compounds (e.g., UCR-20GaGeS-
TAEA) are stable at 380°C in argon. A higher
thermal stability (at least to 420°C) is ob-
served for the Cs-exchanged UCR-
20GaGeS-TAEA under vacuum.
Direct calcination of as-synthesized samples
can remove a sizable fraction of extra-frame-
work organic components. In one experiment,
77% of nitrogen and 81% of hydrogen
were removed from UCR-20GaGeS-TAEA by
direct calcination at 350°C in nitrogen (20).
However, the coke formation makes the remov-
al of carbon more difficult than the removal of
nitrogen and hydrogen. About 39% of carbon
Fig. 3. The coreless pseudo-T4 supertetrahedral
cluster (M16X34) in UCR-22. The decoration
unit in UCR-22 is M16X34, which is different
from that (M4X10) in UCR-20, UCR-21, and
UCR-23. Yellow spheres represent sulfur or se-
lenium sites; red spheres represent metal sites.
Fig. 4. Nitrogen adsorption and
desorption isotherms measured
at 77 K on a Micromeritics ASAP
2010 Micropore Analyzer for the
Cs-exchanged UCR-20GaGeS-
TAEA. The ion exchange was per-
formed at 373 K for 60 hours
and then dried at 353 K for 2
hours. Before the measurement,
the sample was degassed at 373
K for 6 hours and then at room
temperature for 16 hours. STP,
standard temperature and
pressure.
Fig. 5. Photoluminescent emis-
sion spectra of selected com-
pounds.
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was removed from UCR-20GaGeS-TAEA in
the same experiment.
Ion exchange with NH4
 followed by cal-
cination makes it possible to remove extra-
framework species at temperatures as low as
100°C. For NH4
-exchanged UCR-20GaGeS-
TAEA, a thermogravimetric analysis showed
that the weight loss of 17.2% occurred between
80° and 150°C, which is much less than the
temperature range needed for the direct calci-
nation of the as-synthesized amine-containing
sample (300° to 360°C). An x-ray powder dif-
fraction shows that the sample remains highly
crystalline after the calcination of the NH4
-
exchanged sample at 180°C under argon atmo-
sphere (fig. S2).
In addition to NH4
, these materials under-
go ion exchange with many mono- and divalent
metal cations. For example, upon exchange
with Cs ions, the percentages of C, H, and N
in UCR-20GaGeS-TAEA were dramatically re-
duced (20). Yet, like the original sample, the
exchanged sample remains highly crystalline.
The Cs-exchanged UCR-20GaGeS-TAEA
exhibits the type I isotherm characteristic of a
microporous solid (Fig. 4). This sample has a
high Langmuir surface area of 807 m2/g and a
micropore volume of 0.23 cm3/g, despite the
presence of much heavier elements (Cs, Ga, Ge,
and S), as compared to the elements present in
aluminosilicate zeolites. The median pore di-
ameter calculated with the Horvath-Kawazoe
method is 9.5 Å, 14% larger than that for Mo-
lecular Sieve Type 13X (8.2 Å) determined un-
der the same experimental conditions.
These sulfides are also strongly photolu-
minescent and can be excited with wave-
lengths from 360 to 420 nm. The emission
maximum occurs in the range from 460 to
508 nm (Fig. 5). For example, UCR-
20GaGeS-TAEA strongly luminesces at
480 nm when excited at 370 nm. The gen-
eral trend is that materials with heavier
elements are excited and luminesce at a
longer wavelength.
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Mass-Independent Sulfur of
Inclusions in Diamond and
Sulfur Recycling on Early Earth
J. Farquhar,1 B. A. Wing,1 K. D. McKeegan,2 J. W. Harris,3
P. Cartigny,4 M. H. Thiemens5
Populations of sulfide inclusions in diamonds from the Orapa kimberlite pipe
in the Kaapvaal-Zimbabwe craton, Botswana, preservemass-independent sulfur
isotope fractionations. The data indicate that material was transferred from the
atmosphere to the mantle in the Archean. The data also imply that sulfur is not
well mixed in the diamond source regions, allowing for reconstruction of the
Archean sulfur cycle and possibly offering insight into the nature of mantle
convection through time.
An understanding of the nature of the source
materials for diamonds would provide impor-
tant insights into large-scale geophysical pro-
cesses. For example, elemental and isotopic
data have been used to argue that diamonds
and their inclusions are relics of subducted
crustal materials (1–9), but alternate explana-
tions such as mantle fractionation processes
or relict primordial heterogeneity are plausi-
ble (10–15). Here we report mass-indepen-
dently fractionated {anomalous 33S  33S
– 1000  [(1  34S /1000)0.515 – 1]} (16)
sulfur isotope compositions for syngenetic
sulfide inclusions in diamond from the Orapa
kimberlite pipe, Kaapvaal-Zimbabwe craton,
Botswana. We also discuss the implications
of 33S as an almost perfect tracer of the
exchange between Earth’s geochemical res-
ervoirs because of its exclusive origin
through atmospheric photochemistry and its
preservation through subsequent mass-depen-
dent fractionation processes.
The Orapa kimberlite pipe is located with-
in the Magondi belt, a region of thick (150 to
225 km) crust along the western margin of
the Kaapvaal-Zimbabwe craton, which is
considered to be the surface manifestation of
the Proterozoic reactivation of the Kaapvaal-
Zimbabwe craton (17–19). Diamonds from
Orapa are predominantly eclogite types and
have a wide range of 13C values [(–26 to –3
per mil (‰)], 15N values (–10 to 6‰),
nitrogen contents [(8 to 3450 parts per mil-
lion (ppm)], and nitrogen aggregation states
(a 0 to 95% degree of association) (1, 12, 20).
Silicate and sulfide inclusions from these di-
amonds have at least two distinct ages (1, 19):
an Archean population of 2.9 Ga and a Pro-
terozoic population of 1.0 billion years ago
(Ga) (1, 19). The sulfide inclusions also have
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Department of Geology, University of Maryland, Col-
lege Park, MD 20742, USA. 2Department of Earth and
Space Sciences, University of California, Los Angeles,
CA 90095, USA. 3Division of Earth Sciences, Gregory
Building, University of Glasgow, Glasgow, G12 8QQ,
UK. 4Laboratoire de Géochimie des Isotopes Stables,
Université Paris VII, Institut de Physique du Globe de
Paris, 75252 Paris Cedex 05, France. 5Department of
Chemistry and Biochemistry, University of California,
San Diego, La Jolla, CA 92093, USA.
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ERRATUM
C O R R E C T I O N S A N D C L A R I F I C A T I O N S
REPORTS: “Microporous and photoluminescent chalcogenide zeolite
analogs” by N. Zheng et al. (20 Dec. 2002, p. 2366). The third column
of the Table 1 was printed incorrectly. The first column and the cor-


















































Caution in China 
over GM Crops
IN THEIR NEWS FOCUS ARTICLE “CHINA
TAKES a bumpy road from the lab to the
field” (20 Dec., p. 2317), Y. Ding and J.
Mervis report on the Chinese government’s
restrictions on genetically modified (GM)
crops and the concerns raised by
researchers and agbiotechnology compa-
nies about  these restrictions. China’s
cautious regulations are based on the
biosafety of GM crops, but some observers
see the new policy as aimed at banning
foreign investments and protecting local
research-based industries.
I agree that the tighter rules make it
more difficult for foreign investment in
GM crops in China, but I do not think the
restrictions are being used to ban foreign
investments and protect Chinese industry.
The fact is that, with proper documentation
and application procedures, foreign invest-
ments are still being supported, as in the
case of the Beijing-Yale center. Also, the
Chinese government has put some domes-
tically developed GM crops on a waiting
list instead of giving them quick approval.
With so many countries reluctant to
accept GM food, such as in Europe
(“Europe prepares for arrival of GM
foods,” News of the Week, P. Weis, 13
Dec., p. 2109), it is quite understandable
that China is being cautious about staple
GM crops. Agricultural products are
among China’s major export items.
Furthermore, grains produced from GM
crops that are currently used as animal
feed in other countries might be consumed
by humans in China.
More importantly, unlike farmers in
developed countries, Chinese farmers
usually work on small pieces of land and
are less educated about GM crops.
Overseeing farmers to make sure they plant
the correct GM seeds and meet technical
specifications will be difficult. These
factors may cause the same problems as
Monsanto’s Bt cotton in India (1). 
Chinese farmers rely heavily on the
returns from their very small lands. They
could easily lose faith in GM crops if any
problems occur, and this could hinder
future applications of biotechnology.
However, the rapid increases in
research budgets show China’s positive
attitude toward using transgenic crops.
With more evidence of the safety of GM
crops, surely China will lift some of the
rules and welcome foreign investments
more enthusiastically. Chinese farmers
cannot afford to lose advanced ag-
biotechnology in the 21st century.
CHEN NIU*
School of Biological Science, Beijing Forestry
University, Beijing 100083, China.
*Present address: Department of Horticulture,
University of Georgia, Tifton Campus, Tifton, GA
31793–0748, USA. E-mail: niuc@tifton.uga.edu
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More on the Animal
Rights Debate
THE VAST MAJORITY OF ANIMAL ADVOCACY
organizations in the United States conduct
their business through entirely legal means
in local communities and/or on the state
and federal level and have greatly
advanced the well-being or ended the use
of animals in research. Unfortunately,
biomedical lobbyists and interest groups
are taking advantage of a society already
on edge, attempting to paint with one
broad stroke anyone who works to advance
the welfare of nonhuman animals used in
laboratories as a “domestic terrorist” or
potential terrorist. Steven L. Teitelbaum’s
recent Editorial (“Animal rights pressure
on scientists,” 22 Nov., p. 1515) mentions
“domestic terror campaigns” and
“extremist tactics.” Using such tactics to
scare researchers behind locked doors and
maintaining secrets about research proto-
cols are not the answers to concerns over
the use of animals and, in fact, will likely
backfire, resulting in diminishing public
trust in scientific research. Furthermore,
according to officials at the Ohio State
University, Michael Podell did not leave as
a result of pressure from animal activists,
as Teitelbaum states, but rather for a “better
opportunity” (1).
A report from Americans for Medical
Progress (2) regarding the animal rights
conference mentioned by Teitelbaum illus-
trates exactly why biomedical interest and
lobbying groups want to hide research
protocols and laboratory inspection reports:
“the overwhelming message was much
more insidiously threatening: the animal
rights movement’s leadership is maturing
and their organizations are focusing an
increasing amount of their resources and
energies not on protests and violent actions,
but on tools of policy development, litiga-
tion, legislation, and education…”
Simply because legal activities and an
evolving social ethic regarding the treat-
ment of animals are threatening to biomed-
ical groups does not mean that advocates
for animals are threatening to scientists,
institutions, or the public.
CRYSTAL MILLER-SPIEGEL
American Anti-Vivisection Society, 801 Old York
Road, Suite 204, Jenkintown, PA 19046, USA. E-
mail: cspiegel@aavs.org
References
1. D. Lore, Columbus Dispatch, 26 June 2002 (available at
www.dispatch.com/print_template.php?story=dispatc
h/news/news02/jun02/1329671.html).
2. Americans for Medical Progress, Animal Rights 2002—An




THE FEDERATION OF AMERICAN SOCIETIES
for Experimental Biology (FASEB) has
long supported a free and open dialogue
between the scientific community and
members of the public. Miller-Spiegel is
correct in stating that science should not
take place “behind locked doors” utilizing
“secret” research protocols. As a matter of
fact, scientific journals take great pride in
publishing complete and reproducible
protocols, a practice that has drawn some
fire in a country uneasy about threats of
bioterrorism.
Miller-Spiegel states that the animal
rights (AR) movement is becoming
increasingly involved in lobbying efforts.
However, this does not negate the well-
documented cases of some AR groups
harassing or harming researchers and




A field of Bt cotton, a GM plant that has
been approved for sale in China.
Letters to the Editor
Letters (~300 words) discuss material published
in Science in the previous 6 months or issues
of general interest. They can be submitted by
e-mail (science_letters@aaas.org), the Web
(www.letter2science.org), or regular mail
(1200 New York Ave., NW, Washington, DC
20005, USA). Letters are not acknowledged
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consulted before publication. Whether
published in full or in part, letters are subject
to editing for clarity and space.
LETTERS



























































































14 FEBRUARY 2003 VOL 299 SCIENCE www.sciencemag.org1014
Bureau of Investigation has labeled some eco-
and animal rights groups as domestic terror-
ists (1). The Southern Poverty Law Center has
documented hundreds of specific incidents of
vandalism at animal laboratories by AR
activists, with damages totaling millions of
dollars (2). A report just released by the
National Association of State Universities and
Land-Grant Colleges states that AR groups
“pose real threats to universities and other
research facilities” (3). Organizations such
as People for the Ethical Treatment of
Animals, whose activities are primarily
restricted to perfectly legal grassroots
campaigns, have come under scrutiny for
giving money to the Environmental
Liberation Front (4), a known domestic
terrorist organization. 
Scientists are not opposed to public
scrutiny of their efforts to improve human
and animal health, an effort in which animal
research plays a vital role. But researchers,
like those in all other walks of life, have the
right to a safe and secure work environ-
ment. Michael Podell, whose departure due
to harassment by AR groups was covered
extensively in the press at the time (5),
certainly deserved such consideration. If
Miller-Spiegel does not wish her organiza-
tion to be associated with such practices,
perhaps her efforts would be best spent
reforming the actions of the AR movement. 
STEVEN L. TEITELBAUM*
Department of Pathology, Washington University
School of Medicine, 216 South Kings Highway,
Saint Louis, MO 63110, USA.
*President, FASEB 
References
1. L. J. Freeh, Congressional Record, 10 May 2001, p. D426.
2. Southern Poverty Law Center, Intelligence Report no.
107 (Southern Poverty Law Center, Montgomery, AL,
Fall 2002).
3. R. Hoover et al., Report and Recommendations of the
NASULGC task force on Eco- and Animal Rights
Terrorism (National Association of State Universities
and Land-Grant Colleges, Washington, DC, 2002).
4. “Eco-terror ties put PETA funding at risk,” Fox News
Channel, 17 September 2000 (available at
www.foxnews.com/story/0,2933,63246,00.html).




A RECENT ARTICLE BY M. PFEIFER AND
colleagues (“Cerebral hemorrhage after
passive anti-Aβ immunotherapy,” Brevia,
15 Nov., p. 1379) reports that the removal
of deposited amyloid-β from the vascula-
ture leads to increased cerebral microhem-
orrhages. These results suggest that it is not
the deposition of amyloid-β, but rather the
lack of deposited amyloid-β that could lead
to cerebral hemorrhage and stroke. Taken
another way, the deposition of amyloid-β in
the first place may be a mechanism to
prevent cerebral hemorrhage.
Unlike the transgenic mouse brain and
vasculature, where amyloid-β deposition is
simply a result of the overexpression of
amyloid-β protein precursor, amyloid-β
deposition during adult life is normally asso-
ciated with injury (1). Mounting evidence
indicates that this deposition of amyloid-β
may be a neuroprotective response to injury
(2, 3). Given the extensive vasculature of the
brain and that peripheral mechanisms of
preventing hemorrhage (i.e., platelet closure)
would prevent nourishment of neurons, other
mechanisms have likely evolved to rapidly
seal vascular ruptures without activating the
coagulation cascade. We have proposed that
amyloid-β is one such sealant, given its phys-
iochemical properties that allow it to aggre-
gate under inflammatory conditions (3, 4)
and form an intracranial “scab,” thereby
maintaining structural integrity of the blood-
brain barrier. Importantly, such a notion
explains the acute phase generation and
rapid cortical deposition of amyloid-β in
stroke and after head trauma (1) and its reso-
lution after recovery (5), important physio-
logical responses that would limit the loss of
terminally differentiated neurons. Removal
of such a seal would lead to hemorrhage and
an inflammatory immune response (4).
Indeed, the results of Pfeifer et al. suggest
that the root cause of the encephalitis and
meningitis suffered by individuals in the
Elan immunotherapy trial is directly associ-
ated with the removal of amyloid-β from the
vasculature. These results demonstrate yet
again the futility of removing a protein,
amyloid-β, which has ubiquitous tissue
expression, without first understanding its
function(s). 
CRAIG S. ATWOOD, GEORGE PERRY, MARK A. SMITH
Department of Pathology, Case Western Reserve
University, 2085 Adelbert Road, Cleveland, OH
44106, USA.
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Response
THE VIEW PRESENTED BY ATWOOD AND
colleagues that vascular β-amyloid (Aβ)
accumulation may play a protective role
after vessel injury in the central nervous
system carries with it the implication that
any anti-Aβ therapy has the potential to
compromise the blood-brain barrier. We
believe, however, that the preponderance of
current evidence would argue that cerebral
amyloid angiopathy (CAA) is inherently
pathological (1, 2) and that our Brevia
article is best interpreted in this light.
Atwood et al. suggest that local insults to
the vasculature may lead to the rapid accumu-
lation of sealant Aβ in the vessel wall. This is
an intriguing hypothesis, but so far lacks
experimental evidence. In fact, there are
several independent observations that would
argue against such a view. For example, App-
null mice do not exhibit spontaneous cerebral
hemorrhages, nor do they have a leaky blood-
brain barrier (3). Furthermore, in our study, Aβ
immunotherapy did not induce cerebral
bleeding in mice that lack CAA, arguing
against a role of submicroscopic Aβ deposits
as seals. Finally, our recent studies suggest that
vascular amyloid has a neuronal origin and is
not locally produced in response to vessel wall
injury. Rather, neuron-derived Aβ is trans-
ported extracellularly over substantial
distances to the vasculature, where it is cleared
by periarterial drainage or by transport through
the blood-brain barrier into the blood (4, 5). 
Deposition of vascular amyloid has been
shown to lead to a loss of smooth muscle
cells (2), and we agree that its removal by
immunization may have resulted in the
mechanical compromise of these weakened
vessels. However, in our Brevia, we did not
see at the light microscopic level a significant
reduction in CAA after immunization (3).
Although the mechanisms leading to hemor-
rhage are not well understood, this is the first
reported side effect of vaccination in mice.
Our study suggests that caution is warranted
before undertaking Aβ immunotherapy in
patients with substantial CAA. Further
analysis of mouse models with CAA should
help to determine the cause of CAA-associ-
ated hemorrhage as well as, hopefully, how to
avoid it. 
M. PFEIFER,1 S. BONCRISTIANO,1 L. BONDOLFI,1
A. STALDER,1 T. DELLER,2 M. STAUFENBIEL,3
P. M. MATHEWS,4 M. JUCKER1
1Institute of Pathology, University of Basel, CH-
4003 Basel, Switzerland. 2Institute of Clinical
Neuroanatomy, University of Frankfurt, D-60590
Frankfurt, Germany. 3Novartis Pharma, CH-4002
Basel, Switzerland. 4Nathan Kline Institute for
Psychiatric Research, New York University School
of Medicine, Orangeburg, NY 10962, USA.
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CORRECTIONS AND CLARIFICATIONS
TECHNICAL COMMENTS: Response to Comment
on “Otolith δ18O record of mid-Holocene sea
surface temperatures in Peru” by C. F. T. Andrus et
al. (10 Jan., www.sciencemag.org/cgi/content/
full/299/5604/203b). Reference (1) should have
been cited in the first sentence, which should read,
“We find the arguments of Bearez et al. (1) uncon-
vincing.” All subsequent references should be
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renumbered as number +1. The numbers in the
reference list are correct.
REPORTS: “Microporous and photoluminescent
chalcogenide zeolite analogs” by N. Zheng et al.
(20 Dec., p. 2366). The third column of the Table 1
was printed incorrectly. The first column and the



















NETWATCH: “The illustrated worm” (3 Jan., p.
25). The affiliations of the creators of the
Wormatlas Web site were listed incorrectly. They
are at Albert Einstein College of Medicine.
NEWS FOCUS: “Antihydrogen rivals enter the
stretch” by C. Seife (15 Nov., p. 1327). The affilia-
tion of Jeffrey Hangst was misstated. He is on the
faculty of the University of Aarhus, Denmark, but
is on sabbatical at CERN.
SPECIAL ISSUE ON ENVIRONMENTAL MICRO-
BIOLOGY: VIEWPOINT: “Life and the evolution of
Earth’s atmosphere” by J. F. Kasting and J. L. Siefert
(10 May, p. 1066).The credit for Fig. 1,A and B, was
incorrect. These images should have been credited
to Renate E. Bernstein.
TECHNICAL COMMENT ABSTRACTS
COMMENT ON “Determination of Deforestation Rates of the World’s
Humid Tropical Forests”
Philip M. Fearnside and William F. Laurance
Achard et al. (Reports, 9 Aug. 2002, p. 999) estimated tropical deforestation and atmospheric carbon
emissions from 1990 to 1997 and concluded that both were substantially lower than found in previous
studies. However, we assert that they markedly underestimated carbon emissions by omitting key factors
and making some invalid assumptions. The net effect is a potentially large underestimate of the impact
of tropical deforestation on global warming.
Full text at www.sciencemag.org/cgi/content/full/299/5609/1015a
RESPONSE TO COMMENT ON “Determination of Deforestation Rates of the
World’s Humid Tropical Forests”
Hugh D. Eva, Frédéric Achard, Hans-Jürgen Stibig, Philippe Mayaux
The contribution of our work to the issue of the global carbon budget relates to the true level of humid
tropical deforestation, not to the amount of forest biomass. By applying our deforestation findings to
refereed data on biomass, we produced improved estimates of net carbon emissions, which are supported
by recent, independent observations of atmospheric CO2 emissions over Southeast Asia.
Full text at www.sciencemag.org/cgi/content/full/299/5609/1015b
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